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COLOR PROJECTION SYSTEM INCLUDING ROTATING HOLOGRAPHIC COLOR FILTER ELEMENTS 



The invention relates to a color projection device and a method of causing 
alternate hands of first, second and third color light to scroll across the surface of a light 
valve. 
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Color projection display systems exist in ■which a white light source is 
separated into red, hlue, and green sub-beams for separate modulation by corresponding color 
components of an incoming display signal, and then the modulated subbeams are recombined 
into a full color display for projection onto a viewing screen. Modulation of the subbeams is 

1 0 commonly carried out using three separate electro-optical light modulators such as liquid 
crystal display (LCD) panels, one for each of the three subbeams. 

However, in one type of color projection system the three subbeams are all 
modulated by a single LCD paneL This is accomplished by shaping the subbeams into band- 
shaped cross-sections, and' scrolling the bands sequentially across the LCD panel (also 

15 referred to as a light valve), while synchronously addressing those portions of the panel that 
are iUuminated by the bands with the corresponding display signal information. The 
simultaneous use of a substantial portion of the available red, hlue and green light through a 
single light valve panel provides optical efficiencies comparable to that of three-panel 
systems employing the same types of light-valve panels. Using only a single panel e limina tes 

20 the need to mechanically converge different color images, formed on different panels, and 
reduces system cost 

A compact apparatus for generating a scrolling color stripe pattern is disclosed 
in U.S Patent No. 6,266,105. That apparatus employs a drum covered with dichroic elements 
that selectively reflect red, green and blue color bands. The reflected light is separated from 

25 the mcoming light by means of a polarizing beam-splitter and quarter wave plate. 

Unfortunately however, neither the dichroics nor the optics can be produced at low cost 
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It is an object of the invention to provide a projection display device which 
enables the application of low cost components and does not rely on polarized light 

This object is achieved by an projection display device in accordance with the 
invention as specified in claim 1. 
5 Our new invention does not use expensive elements and does not rely on 

polarized light It is based on low-cost technology and can also be used with light valves that 
don't use polarized light e.g. tilting mirror array or DMD. Generally, multistripe scrolling 
according to the invention includes using holographic elements to isolate light beams of three 
colors, e.g., red, green, and blue, from white light and causing them to scroll sequentially 
10 across a light valve. 

In one aspect of the invention, a multi-stripe scrolling apparatus comprises a 
white light source; a lens system including a total internal reflection beam splitter having an 
internal surface exhibiting a critical angle of total internal reflection; a movable array of 
holographic elements including a plurality of first holographic elements for producing a first 
15 color, a plurality of second holographic elements for producing a second color substantially 
different from the first color, and a plurality of third holographic elements for producing a 
third color substantially different from the first and second colors; and a fight valve. Each of 
the first, second, and third holographic elements is configured such that white fight arriving at 
a respective one of the first second, and third holographic elements from a respective arrival 
20 direction produces abeam of substantially monocolor fight of arespective one of the first 
second, and third colors, that leaves the respective one of the first second, and third 
holographic elements in a respective departure direction that differs by a predeterrnined angle 
from the respective arrival direction. The predetermined angle is the same for the first 
holographic elements as for the second and third holographic elements. The white fight 
25 source, lens system including beam splitter, movable array, and light valve are physically 
disposed relative to one another such that light from the white light source enters the beam 
splitter and impinges at a angle of incidence to the internal surface that is greater man the 
critical angle, so that the light from the white light source is reflected from the internal 
surface and is directed to the respective ones of the first second, and third holographic 
30 elements, and such that the a beams of substantially monocolor light leaving respective first 
second, and third holographic elements reach the beam splitter and impinge at a second angle 
of incidence to Ihe internal surface that is less than the critical angle, so that the beams of 
first second, and third color light pass through the internal surface to form alternating bands 
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of light of the first, second, and tod colors mat scroll across the surface of the light valve 
when the movable array is moving. 

It is a further object of the invention to provide a method of causing alternate 
bands of first, second and third color Bght to scroll across me surface of a light valve which is 
5 able to be performed by applying low cost components and does not rely on polarized light 
This object is achieved by a method in accordance with the invention as 

specified in claim 7. 

In this aspect of the invention, a method of causing alternating bands of first, 
second, and third color light to scroll across the surface of a light valve, comprises reflecting 

10 a collimatedbeam of light off an internal surface of a total internal reflection beam splitter, 
directing the reflected light onto an array of holographic elements including at least a first, a 
second, and a third holographic element; emitting a first color fight beam from the first 
holographic element; ernitting a second color fight heam from the second holographic 
element, the second color being substantially different from the first color, emitting a third 

15 color light beam from the third holographic element, the third color being substantially 
different from bom of the first and second colors; transmitting the first, second, and third 
color light beams through the internal surface of the beam splitter, directing the first, second, 
and third color light beams transmitted through the internal surface to form alternating bands 
of fight of the first color, the second color, and third color, respectively, on the light valve; 

20 and moving the array of holographic elements so mat the alternating bands of first, second, 
and third color light scroll across the surface of the light valve. 

Further advantageous embodiments are specified in the dependent claims. 
These and other aspects of the invention will be apparent from and elucidated with reference 



25 



30 



to 



In the drawing: 

FIG. 1 is a cross-sectional view of one possible embodiment of multi-stripe 
color scrolling according to the invention; 

FIG. 2 is a cross-sectional view of a total internal reflection beam splitter 
according to the embodiment of FIG. 1; 

FIG. 3 is a cross-sectional view of a portion of a rotatable drum showing three 
sample holographic elements disposed on its circumference; 
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FIG. 4 is a cross-sectional view of a second possible embodiment of multi- 
stripe color scrolling according to the invention; and 

FIG. S is a cross-sectional view of a third possible embodiment of multi-stripe 
color scrolling according to the invention. 



FIG. 1 illustrates a multistripe scrolling color projection display device 
according to one possible embodiment of the invention. A lamp includes a white light source 
1, in this embodiment an incandescent bulb 1 , a mirror 3, and a source mask 5 having a 
source aperture 7. A lens system 9 includes a collimating lens 1 1 , a Total Internal Reflection 
(TO) beam splitter 13 having an internal surface 15 and an exit surface 17, a converging lens 
19, a focusing lens 21, an exit mask 23 having an exit aperture 25, and a correcting lens 27. 
A movable array 29 of diffractive, i.e. holographic elements includes a rotatable drum 29 
having repeating sequences of first, second, and third color (e.g., red, green, and blue) 
errittmgholographic elements 30, 32, 34. Alight valve 36 includes a single liquid crystal 
display (LCD) panel 36. 

In operation, a beam of collimated white light from the white light source 1 is 
directed into the light valve 36. It should be noted that for the purposes of this application 
"white light source" and in general "white light" signifies any multi-wavelength light that 
includes a range of wavelengths broad enough Cm difference between smallest and largest 
wavelength) to encompass a sizable portion of the visible tight range, and preferably 
including red, green, and blue wavelengths. Therefore a fluorescent or other tri-wavelength 
light source mcluding exactly three wavelengths (red, green, and blue for example), a high- 
intensity incandescent bulb, and even an ordinary household tightbulb would qualify as a 
"white light source." 

White light from the white tight source (1) is reflected and focused by the 
mirror 3 through the source aperture 7 in the source mask 5. Converging after passing 
through the source aperture 7, the white light is collimated by the collimating lens 11 and 
enters the lens system 9. 
, In the lens system 9, the collimated white light enters the TIR beam splitter 13 

and impinges on the internal surface 15 of the TIR beam splitter 13. The internal surface 15 
has a critical angle a for internal reflection. This angle is measured relative to the normal 
(perpendicular) of the internal surface 15. The angular deviation from the normal to the 
internal surface 15 of light impinging on the internal surface 15 is called its angle of 



WO 03/055231 ' PC17IB02/05226 

5 

incidence. light having an angle of incidence with the internal surface 15 no greater than the 
critical angle a will mostly pass through the internal surface 15. Light having an angle of 
incidence greater than the critical angle a will be totally reflected. This is known as total 
internal reflection, or TTEL 

As can be seen more clearly in FIG. 2, the collimated white light has an angle 
of incidence /3 with the internal surface 15 that is greater than the critical angle o; and so is 
totally reflected. Light then exits the beam splitter 13 through the exit surface 17 (at an angle 
of incidence less than the critical angle a), passes through the converging lens 19, and strikes 
the holographic elements 30, 32, 34 of the rotatable drum 29. As can be seen in FIGS. 1 and 
3, the converging lens 19 causes the collimated light to converge somewhat so that it has the 
same angle of incidence 7 at different holographic elements 30, 32, 34 around the 
circumference 38 of the drum 29. 

The different types of holographic elements 30, 32, 34 have correspondingly 
different colors of interest. For example, red for first holographic elements 30, green for 
second holographic elements 32, and blue for third holographic elements 34. Each 
holographic element is configured so that if white light enters at the angle of incidence 7, its 
respective color of interest is emitted at an angle that is the same for all the holographic 
elements 30, 32, 34. For example, in the embodiment shown in FIG. 3, white light enters 
each of the first holographic elements 30, second holographic elements 32, and third 
holographic elements 34 at the angle of incidence 7, and beams of red, green, and blue light 
aD exit the first holographic elements 30, second holographic elements 32, and third 
holographic elements 34, respectively, at a direction directly radially from the center of the 
drum 29 (in this particular embodiment). 

These red, green, and blue colored beams pass through the converging lens 19, 
: which re-collimates them, and they once again pass into the beam splitter 13. However, this 
time when they reach the internal surface 15 they are at an angle of incidence 5 less than the 
critical angle a, so 1hey pass through the internal surface 15 of the beam splitter 13. The 
focusing lens 21 focuses the beams through the exit aperture 25 in the exit mask 23. The 
beams pass through the correcting lens 27, and onto the light valve 36 in a pattern of 
) corresponding red, green, and blue bands on the surface of the light valve 36. It will be 
understood that as the rotatable drum 29 rotates, these bands will be caused to scroll across 
tile surface of the light valve 36. 

Many different variations of the invention or possible. For example, many 
arrangements can be envisioned for causing the holographic elements 30, 32, 34 to cycle 
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across Hie white light field, and thus cause 1he colored beams they produce to scroll across 
light valve 36. For example, rotating disks 40, 42 with spiral 44 (FIG. 4), radial 46 (FIG. 5), 
or other patterns of holographic elements can be used. Or, a revolving belt or other means 
may be used to sequence the holographic elements across the white light field. Also, 

5 different variations of lens systems can be envisioned. In some embodiments the correcting 
lens 27 (and/or other elements of the lens system) may not be necessary. 

Other embodiments, variations of embodiments, and equivalents, as well as 
other aspects, objects, and advantages of the invention, will be apparent to those skilled in the 
art and can be obtained from a study of the drawings, me disclosure, and the appended 

10 claims. 
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CLAIMS: 



1 . A projection display device comprising: 

a white light source; 

a lens system including a total internal reflection beam splitter having an 
internal surface exhibiting a critical angle of total internal reflection; 
5 a movable array of holographic elements including a plurality of first 

holographic elements for producing a first color, a plurality of second holographic elements 
for producing a second color substantially different from the first coIot, and aplurality of 
third holographic elements for producing a third color substantially different from the first 
and second colors; and 
10 a light valve, 

each of the first, second, and third holographic elements being configured such 
that white fight arriving at a respective one of the first, second, and third holographic 
elements from a respective arrival direction produces a beam of substantially monocolor light 
of a respective one of the first, second, and third colors, that leaves said respective one of the 
15 first, second, and third holographic elements in a respective departure direction that differs by 
a predeterrnined angle from the respective arrival direction, the predetermined angle being 
the same for the first holographic elements as for the second and third holographic elements, 
the white light source, lens system including beam splitter, movable array, and 
light valve being physically disposed relative to one another such that: 
20 light from the white light source enters the beam splitter and impinges at a first 

angle of incidence to the internal surface that is greater than the critical angle, so that the fight 
from the white fight source is reflected from the internal surface and is directed to the 
respective ones of the first, second, and third holographic elements; and 

said beams of substantially monocolor light leaving respective first, second, 
25 and third holographic elements reach the beam splitter and impinge at a second angle of 

incidence to the internal surface that is less than the critical angle, so that said beams of first, 
second, and third color light are not reflected from but pass through the internal surface to 
form alternating bands of light of the first, second, and third colors that scroll across the 
surface of the light valve when the movable array is moving. 
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2. A projection display device as claimed in claim 1, wherein the lens system 
further includes a collimating lens disposed between the white light source and the beam 
splitter to collimate the light from the white light source as it passes to the beam splitter. 

5 

3. A projection display device as claimed in claim 1, wherein the movable array 
of holographic elements is comprised by a rotatable drum having a plurality of said first, 
second, and third holographic elements disposed around the circumference of the drum. 

10 4, A projection display device wherein the lens system further includes a 

converging lens disposed between me beam splitter and the drum to cause the white light 
reflected from the internal surface of the beam splitter to arrive at each holographic element 
at a substantially constant angle relative to said holographic element as the drum rotates and 
said holographic element revolves along an arc of the circumference of the drum muminated 

15 by the white light, and to collimate said beams of first, second, and third color light that leave 
the respective first, second, and third holographic elements before said beams of first, second, 
and thir d color light enter the beam splitter. 

5. A projection display device wherein the movable array of holographic 

20 elements is comprised by a rotatable disk having holographic stripes in a pattern on a surface 
of the disk. 

6. A projection display device wherein the projection display device further 
comprises an exit mask having an aperture therein disposed between the beam splitter and the 

25 light valve, 

the lens system further including a focusing lens, disposed between the beam 
sputter and the exit mask, that focuses said beams of first, second, and third color light that 
have passed through the internal surface into the aperture. 

30 7. A method of causing alternating bands of first, second, and third color light to 

scroll across the surfece of a light valve, comprising: 

reflecting a collimated beam of light off an internal surface of a total internal 
reflection beam splitter; 
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directing said reflected light onto an array of holographic elements including 
at least a first, a second, and a third holographic element, 

emitting a first color light beam from the first holographic element; 

emitting a second color light beam from the second holographic element, the 
5 second color being substantially different from the first color, 

emitting a third color Hght beam from Ihe third holographic element, the third 
color being substantially different from both of the first and second colors; 

transmitting the first, second, and third color hght beams through the internal 
surface of the beam splitter; 
1 0 directing the first, second, and third color hght beams transmitted through the 

internal surface to form alternating bands of Hght of the first color, the second color, and third 
color, respectively, on the light valve; and 

moving the array of holographic elements so that the alternating bands of first, 
second, and third color hght scroll across the surface of the light valve. 

15 

g # A method as claimed in claim 7, wherein the method further comprises a step 

of constructing the array of holographic elements by arranging the first, second, and third 
holographic elements around the circumference of arotatable drum, 

and wherein the step of moving the array of holographic elements includes 
20 rotating the drum. 

9. A method as claimed in claim 8, wherein the step of arranging the first, 
second, and third holographic elements around the circumference of the rotatable drum 
includes arranging aplurality of the first holographic elements, aplurality of the second 

25 holographic elements, and a plurality of the third holographic elements, around the 
circumference of the rotatable drum in an alternating pattern of first, second, and third 
holographic elements, respectively. 

10. A method as claimed in claim 7, wherein the method further comprises a step 
30 of constructing the array of holographic elements by arranging an alternating series of 

holographic stripes in a pattern on a surface of a disk, 

and wherein the step of moving the array of holographic elements includes 
rotating the disk. 
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11, A method as claimed in claim 7, wherein the method further comprises a step 
of forming the collimated beam of light by focusing light from a white light source to 
converge through an aperture of a source mask, and then collimating the light that has passed 
through the aperture of the source mask. 

12. A method as claimed in claim 7, wherein the step of forming the alternating 
hands of first, second, and third color light on the light valve includes focusing the first, 
second, and third color light beams to converge through an aperture of an exit mask. 
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